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A B S T R A C T
Brunei Bay is one of the most important marine environments of East Malaysia (South China Sea), covering many
productive ecosystems with activities including fisheries, tourism, and main shipping lanes for petroleum
transfers. Evaluation of the sources and distributions of steroids in the surface sedimentary organic matter was
carried out by gas chromatography–mass spectrometry (GC–MS). The concentrations of the total identified
sterols (TIS) ranged between 0.81 and 12.69 μg g−1 dry weight, and the total sterones were between 0.11 and
5.66 μg g−1 dry weight. The coprostanol level was comparatively low (< 0.10 μg g−1), and the multi-biomarker
proxies indicated that the region did not exhibit significant contamination from sewage effluents. Principal
component analysis (PCA) revealed the coastal environment of the study area was dominated by allochthonous
(mainly terrestrial) organic matter input.
Brunei Bay is located between the East Malaysian territories of
Sabah, Sarawak, the Federal Territory of Labuan in Malaysia and the
neighbouring country Brunei Darussalam, at coordinates 4°45′–5°02′N
and 114°58′–115°10′E. Brunei Bay covers many ecosystems, including
estuaries, mangrove swamps, wetlands and mudflats, which offer a vast
array of biological diversity and productive ecosystems (Ali and Mohd
Ariff, 2007; Abdullah et al., 2017; Satyanarayana et al., 2018). The
prolific reproductive capacity of the nearby mangrove forests and peat
swamps are of greatest ecological importance in the area. The bay forms
an important part of the regional hydrological systems, water resources,
and carbon storage. It also has several other functions such as a medium
for transportation, recreation, breeding ground and habitat for many
marine organisms, plants and marine mammals (Ali and Mohd Ariff,
2007; Satyanarayana et al., 2018). Most importantly, the area has been
identified as a potential reservoir for gas and oil in the Sabah Basin and
Baram Delta Province off Brunei and Sarawak (Abdullah et al., 2017).
Specific organic molecular markers or biomarkers have been used as
a tool to understand environmental processes and interactions. Steroids
are persistent in the environment and consequently have a long geo-
logical record (Volkman, 1986), making them useful as biomarkers.
Steroids are a group of biolipids that can be used to distinguish
allochthonous and/or autochthonous derived organic matter (OM) in
environments (Volkman, 1986; Mudge and Norris, 1997). Terrestrial
plants have been shown to contain high amounts of C29 sterols (stig-
masterol and sitosterol) (Volkman, 1986; Jaffé and Hausmann, 1995;
Wisnieski et al., 2014), which are used as biomarkers for vascular
plants. However, some seagrasses, cyanobacteria, and phytoplanktonic
species also contain considerable amounts of C29 sterols (Nishimura and
Koyama, 1977; Volkman, 1986; Jaffé and Hausmann, 1995; Volkman
et al., 1999). Brassicasterol (C28) on the other hand occurs at low
concentrations in higher plants, but is predominant in OM derived from
phytoplankton species, cyanobacteria, green algae, bivalves, molluscs,
and diatoms such as haptophytes and cryptophytes (Volkman, 1986;
Bayona et al., 1989; Laureillard and Saliot, 1993; Volkman et al., 1999).
C30 sterols, such as dinosterol and 24-methylenecholesterol, can be used
to distinguish input of OM from diatoms and dinoflagellates (Volkman,
1986; Volkman et al., 1993, 2008). Cholesterol (C27) is commonly
present in marine sediments and occurs in a wide range of marine or-
ganisms such as algae, zoo- and phytoplankton and marine mammals
(Volkman, 1986, 2005). Steroids can also be used to distinguish be-
tween wastewater and biogenic OM. For example, the ratio of copros-
tanol to epi-coprostanol (cop/e-cop) has been used to differentiate
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